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ABSTRACT
We use Wide-field Infrared Survey Explorer (WISE) data covering the entire region (∼ 130 deg2)
of the A2199 supercluster at z = 0.03 to study the mid-infrared (MIR) properties of supercluster
galaxies. We identify a ‘MIR star-forming sequence’ in the WISE [3.4]− [12] color-12 µm luminosity
diagram, consisting of late-type, star-forming galaxies. At a fixed star formation rate (SFR), the
MIR-detected galaxies at 22 µm or 12 µm tend to be more metal rich and to have higher surface
brightness than those without MIR detection. Using these MIR-detected galaxies, we construct the
IR luminosity function (LF) and investigate its environmental dependence. Both total IR (TIR) and
12 µm LFs are dominated by late-type, star-forming galaxies. The contribution of active galactic
nuclei (AGN)-host galaxies increases with both TIR and 12 µm luminosities. The contribution of
early-type galaxies to the 12 µm LFs increases with decreasing luminosity. The faint-end slope of the
TIR LFs does not change with environment, but the change of faint-end slope in the 12 µm LFs with
the environment is significant: there is a steeper faint-end slope in the cluster core than in the cluster
outskirts. This steepening results primarily from the increasing contribution of early-type galaxies
toward the cluster. These galaxies are passively evolving, and contain old stellar populations with
weak MIR emission from the circumstellar dust around asymptotic giant branch stars.
Subject headings: galaxies: clusters: individual (Abell 2199) – galaxies: evolution – galaxies: formation
– galaxies: luminosity function, mass function – infrared: galaxies
1. INTRODUCTION
Galaxy properties including morphology, star forma-
tion rate (SFR), color, and activity in galactic nu-
clei are strongly affected by the environment (see
Blanton & Moustakas 2009 for a review). The galaxy
cluster environment is special because it contains the
intracluster medium (ICM), galaxies, and dark matter
that affect galaxy properties gravitationally and/or hy-
drodynamically over several billion years. For exam-
ple, the typical morphology (also SFR, color, and ac-
tivity in galactic nuclei) of galaxies changes with both
local density and clustercentric radius (e.g., Oemler
1974; Davis & Geller 1976; Dressler 1980; Park & Hwang
2009; Hwang et al. 2012). This environmental depen-
dence of galaxy properties in galaxy clusters may result
from a host of physical mechanisms including ram pres-
sure (Gunn & Gott 1972), cumulative galaxy-galaxy hy-
drodynamic/gravitational interactions (Park & Hwang
2009), strangulation (Larson et al. 1980), and galaxy
harassment (Moore et al. 1996) (see Boselli & Gavazzi
2006; Park & Hwang 2009 for a review).
One of the fundamental tools for understanding the
physics of morphological transformation and the quench-
ing of star formation activity (SFA) is the galaxy lumi-
nosity function (LF; Blanton et al. 2001; Benson et al.
2003; Park et al. 2007; Rines & Geller 2008; Geller et al.
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2012). LFs in infrared (IR) bands can provide an un-
biased view of SFA in cluster galaxies because they are
insensitive to dust extinction (e.g., Gallazzi et al. 2009;
Haines et al. 2011).
Since the pioneering work on IR observations of cluster
galaxies with Infrared Astronomical Satellite (IRAS ) and
Infrared Space Observatory (ISO) (see Metcalfe et al.
2005 for a review), there have been several determi-
nations of the IR LFs for cluster galaxies with re-
cent IR satellites including the Spitzer Space Telescope
(Werner et al. 2004), AKARI (Murakami et al. 2007),
and the Herschel Space Observatory (Pilbratt et al.
2010). For example, Bai et al. (2006, 2009) use exten-
sive Spitzer observations of local galaxy clusters includ-
ing Coma and A3266 to conclude that IR LFs are well fit
with the Schechter (1976) function. They suggest that
the bright end of IR LFs for local rich clusters has a uni-
versal form, similar to the LFs for nearby field galaxies.
Tran et al. (2009) confirmed this universal form of IR
LFs in Cl1358 at z = 0.33; other studies confirmed it in
A2255 at z = 0.08 (Shim et al. 2011) and in the Shapley
supercluster (Haines et al. 2011).
Studies of other clusters yield surprisingly different re-
sults : there is an excess of bright IR sources in the bullet
cluster at z = 0.3 (Chung et al. 2010) and an excess of
faint IR sources in the A1763 supercluster at z = 0.23
(Biviano et al. 2011).
The environmental dependence of IR LFs remains an
open question. For example, Bai et al. (2009) suggest
that the cluster and field IR LFs do not seem to differ
significantly from one another (see also Finn et al. 2010;
Haines et al. 2011). However, Bai et al. (2006) found a
hint of a steeper faint-end slope toward the outer region
of the Coma cluster. Tran et al. (2009) also found an ex-
cess of bright IR sources in their LF of the super group
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(SG1120) at z = 0.37 compared to that of field galax-
ies at similar redshift (see also Atlee & Martini 2012).
Biviano et al. (2011) found that the slopes of IR LFs
in three different regions in the A1763 supercluster (i.e.
the cluster core, the large-scale filament, and the cluster
outskirts) are similar, but the filament appears to have
a flatter LF than both the outskirts and the core.
Here, we discuss the IR LFs for galaxies in the A2199
supercluster. This supercluster is one of the best targets
for the study of IR LFs and their environmental depen-
dence because the entire supercluster region (R . 10 h−1
Mpc) is uniformly covered by the Wide-field Infrared Sur-
vey Explorer (WISE; Wright et al. 2010) with excellent
sensitivity at mid-IR (MIR) wavelengths. This region is
also fully covered by the Sloan Digital Sky Survey (SDSS;
York et al. 2000) as well as by other large spectroscopic
surveys. Thus, ambiguity in determining cluster mem-
bership is vastly reduced. To understand the behavior
of the LFs in the supercluster, we also explore the MIR
colors of galaxies focusing on the connection to IR lumi-
nosities and their environmental dependence.
A2199 is a regular, X-ray bright, rich galaxy clus-
ter at z ∼ 0.03, and forms a supercluster with several
nearby groups in the infall region including A2197W
and A2197E (Rines et al. 2001). The center of the clus-
ter is dominated by a massive cD galaxy, NGC 6166
(Kelson et al. 2002), and the cluster hosts a cooling flow
(Johnstone et al. 2002).
Section 2 describes the observational data we use. We
construct total IR (TIR; 8−1000 µm) and 12 µm LFs for
several subsamples in §3. We discuss the results and con-
clude in §4 and §5, respectively. Throughout we adopt,
unless explicitly mentioned otherwise, flat ΛCDM cos-
mological parameters of H0 = 100 h km s
−1 Mpc−1,
ΩΛ = 0.7 and Ωm = 0.3. One arcmin corresponds to
∼26.2 h−1kpc at the redshift of A2199.
2. THE DATA
2.1. Galaxy Catalog
We first constructed a master catalog containing a
photometric sample of galaxies with mr < 20.11 (down
to the magnitude where the spectroscopic samples ex-
ist) in the SDSS data release 7 (DR7, Abazajian et al.
2009). We selected galaxies within 6.7◦(∼10 h−1 Mpc)
of the A2199 center (α = 16h28m38s, δ = +39◦32′55′′;
Bo¨hringer et al. 2000).
Spectroscopic data for galaxies with mr < 17.77 are
available in the SDSS database. However, the spectro-
scopic completeness of the SDSS data is poor for bright
galaxies with mr < 14.5 and for galaxies in high-density
regions. Thus, we supplement the galaxy data to reduce
the effects of incompleteness. We compiled redshifts for
the photometric sample of galaxies in the master catalog
from the literature (see Hwang et al. 2010 for details).
We also included the data from extensive spectroscopic
survey programs in the field of A2199 (Rines et al. 2002;
Rines & Geller 2008) which include galaxies fainter than
the SDSS limit.
Figure 1 shows the spectroscopic completeness of the
galaxy sample as a function of apparent magnitude and
of clustercentric radius. The spectroscopic completeness
of our sample brighter than the SDSS limit is & 90% at
all magnitudes and clustercentric radii. Galaxies fainter
Figure 1. Spectroscopic completeness of our galaxy catalog in
the field of A2199 as a function of r-band magnitude (a) and clus-
tercentric radius (b). Vertical dashed line indicates the SDSS limit
of the main galaxy sample (i.e. mr < 17.77). The dotted line in
(b) is the completeness for galaxies brighter than this limit. The
dashed line is for those fainter than the limit. An arrow indicates
r200 of A2199.
than the SDSS limit are not completely covered by the
spectroscopic observations, but there are useful data
within the virial radius of A2199 (r200,A2199; to be de-
fined in §2.4).
We also use several value-added galaxy catalogs
(VAGCs) drawn from SDSS data. We adopt
the photometric parameters from the SDSS pipeline
(Stoughton et al. 2002). We take the spectroscopic
parameters including SFRs (Brinchmann et al. 2004)
and oxygen abundance (Tremonti et al. 2004) from the
MPA/JHU DR7 VAGC5.
We adopt galaxy morphology data from the Ko-
rea Institute for Advanced Study (KIAS) DR7 VAGC6
(Choi et al. 2010). In this catalog, galaxies are divided
into early (ellipticals and lenticulars) and late (spirals
and irregulars) morphological types based on their lo-
cations in the (u − r) color versus (g − i) color gradi-
ent space and in the i-band concentration index space
(Park & Choi 2005). The resulting morphological classi-
fication has completeness and reliability reaching 90%.
We performed an additional visual check of the color
images of the galaxies misclassified by the automated
scheme, and of the galaxies that are not included in
the KIAS DR7 VAGC. In this procedure, we revised the
types of blended or merging galaxies, blue but elliptical-
shaped galaxies, and dusty edge-on spirals.
2.2. WISE
We use the new wide-field MIR data obtained by the
WISE satellite, which covers all the sky at four MIR
bands (3.4, 4.6, 12 and 22 µm). TheWISE all-sky source
5 http://www.mpa-garching.mpg.de/SDSS/DR7/
6 http://astro.kias.re.kr/vagc/dr7/
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Figure 2. (Top) Spectroscopic completeness of WISE -detected
(> 3σ) galaxies with 0.0089 < zphot < 0.0599 at 22 µm (Left) and
at 12 µm (Right). Blue and red curves are the completeness com-
puted for the galaxies brighter than the SDSS limit and for all the
galaxies including those fainter than the limit, respectively. (Bot-
tom) WISE photometric completeness for the A2199 supercluster
region with a mean coverage depth of ∼21 at 22 µm (Left) and 12
µm (Right). Vertical dashed lines indicate 3σ flux limits (3.6 and
0.6 mJy for 22 and 12 µm, respectively).
catalog7 contains photometric data for over 563 million
objects. WISE covers the entire region of the A2199 su-
percluster to a homogeneous depth and detects galaxies
in this supercluster down to LIR ∼ 10
9 L⊙.
We identifiedWISE counterparts of the galaxies in our
master catalog by cross-correlating them with the sources
in the WISE All-sky data release with a matching toler-
ance of 3′′(∼ 0.5×FWHM of the PSF at 3.4 µm). We use
the point source profile-fitting magnitudes, and restrict
our analysis to the sources with S/N≥ 3 at each WISE
band. WISE 5σ photometric sensitivity is estimated to
be better than 0.08, 0.11, 1 and 6 mJy at 3.4, 4.6, 12
and 22 µm in unconfused regions on the ecliptic plane
(Wright et al. 2010).
Because 22 µmWISE data are closer to the peak of IR
emission than other bands and because they are less af-
fected by polycyclic aromatic hydrocarbon (PAH) emis-
sion features, we computed the TIR luminosity (LIR)
from the 22 µm flux density using the spectral energy
distribution (SED) templates of Chary & Elbaz (2001,
CE01). CE01 contains 105 SED templates with different
TIR luminosities (3× 108L⊙ < LIR < 6× 10
13L⊙). The
templates provide νLν (L⊙) as a function of wavelength.
For the observed 22 µm flux density, we choose the closest
template to obtain the appropriate TIR luminosity. We
interpolate between the two closest templates to reach
the observed 22 µm flux density. TIR luminosities ex-
trapolated from a single passband have been examined
in many papers. They agree very well with those based
on all far-IR (FIR) bands; the uncertainty is ∼ 40% (e.g.,
Elbaz et al. 2010, 2011). Therefore, this procedure does
not introduce any bias in our results. We reexamine it
in §2.5.1.
2.3. Completeness
7 http://wise2.ipac.caltech.edu/docs/release/allsky/
Figure 3. The line-of-sight velocity relative to the cluster (a),
r-band absolute magnitude (b), TIR luminosity (c) and 12 µm
luminosity (d) as a function of clustercentric radius, and their his-
tograms (e-h). We use the mean cluster redshift, cz = 9370 km s−1,
determined from the caustic method. Red filled circles and blue
crosses indicate early- and late-type member galaxies, respectively.
Black dots indicate non-member galaxies. The thick solid line indi-
cates the estimated location of the caustics. Open histogram show
the total sample, and early- and late-type galaxies are denoted by
hatched histograms with orientation of 45◦ (// with red colors) and
of 315◦ (\\ with blue colors), respectively. The horizontal dashed
lines in (b, f) indicate the SDSS magnitude limit.
To construct IR LFs for galaxies in the supercluster
(§3), it is necessary to correct for the spectroscopic and
photometric incompleteness of our sample. We first com-
pute the spectroscopic completeness of WISE -detected
sources in the supercluster. At the end of this section
we determine the photometric completeness. Because we
are only interested in the sources in the supercluster, we
compute the spectroscopic completeness for supercluster
galaxies. To do that, we select tentative member galaxies
from the photometric sample based on the photometric
redshift (photo-z), and compute the spectroscopic com-
pleteness for these galaxies.
Among several photo-z measurements provided by
the SDSS database, we adopt the photometric redshift
data based on the Artificial Neural Network technique
(Oyaizu et al. 2008). This approach gives the tightest
correlation between spectroscopic and photometric red-
shifts for galaxies at the redshift of A2199 (see also the
application to the A1763 supercluster by Biviano et al.
2011). Following Knobel et al. (2009) and Biviano et al.
(2011), we determine the optimal photometric redshift
range for selecting tentative member galaxies by min-
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Figure 4. Spatial distribution of early-type (Left) and late-type (Right) galaxies in the A2199 supercluster overlaid on the green and
white total galaxy number density maps. Contours with sky-blue color indicate the X-ray intensity map taken from the ROSAT All-Sky
Survey, smoothed with a Gaussian filter of σ = 15 arcmin. Galaxies with and without WISE 22 µm detections are denoted by red, filled
and black, open symbols, respectively. Dashed circles in (a) represent r200 of galaxy groups in the A2199 supercluster (Rines et al. 2001,
2002). North is up, and east is to the left.
imizing
√
(1− P )2 + (1− C)2. P is the purity of the
sample, defined by the ratio of the number of spectro-
scopically confirmed member galaxies in the optimal pho-
tometric redshift range to the number of galaxies with
any spectroscopic redshifts in the optimal photometric
redshift range. C is the completeness of the sample, the
ratio of the number of spectroscopically confirmed mem-
ber galaxies in the optimal photometric redshift range
to the number of spectroscopically confirmed member
galaxies with any photometric redshifts. From a simple
experiment adjusting the redshift range, we found the op-
timal photometric redshift range for tentative members
: 0.0089 < zp < 0.0599.
Using these photo-z selected member galaxies, we com-
pute the spectroscopic completeness for the WISE -
detected sources at 22 µm and 12 µm, and show the
results in Figure 2 (a-b). Red solid lines are based on
all the spectroscopic sample of galaxies compiled in the
master catalog. There are many galaxies fainter than
the SDSS limit (i.e. Mr & −17) only in the central re-
gion (R . 30′), but not in the outer region (see Fig.
3b). To check any bias introduced by the variation
in the depth of the spectroscopic catalog with cluster-
centric radius, we also plot the spectroscopic complete-
ness based only on the galaxies brighter than the SDSS
limit (i.e. mr < 17.77) as blue solid lines. Because the
two curves are very similar, the LFs based on these two
curves should not differ significantly (see §3).
We take the photometric completeness for WISE
sources from the Explanatory Supplement to the WISE
all-sky data release products, which gives completeness
curves for several (16− 80, the effective number of times
that point on the sky was visited by a “good” detec-
Table 1
Number of Galaxies in the A2199 supercluster
Wavelength Early types Late types
(µm) AGN non-AGN AGN non-AGN Total
Spectroscopic sample of galaxies at R < 380 arcmin
All 334 4322 1242 5580 11478
3.4 332 4259 1237 5381 11209
4.6 332 4259 1231 5346 11168
12 289 2130 1198 4741 8358
22 118 271 892 2403 3684
Member galaxies at R < 380 arcmin
All 39 531 135 1031 1736
3.4 39 522 135 948 1644
4.6 39 522 131 922 1614
12 37 309 116 693 1155
22 16 70 92 372 550
tor frame pixel8) coverage depth9. By interpolating the
curves in the Explanatory Supplement, we show the pho-
tometric completeness curves at 22 µm and 12 µm for the
A2199 supercluster region with a coverage depth of ∼21
(Figure 2cd).
When we compute the IR LFs using WISE-detected
galaxies, we weight each galaxy by the inverse of the pho-
tometric and spectroscopic completeness as a function of
WISE flux density.
2.4. Supercluster Membership
To determine the membership of galaxies in the
A2199 supercluster, we used the caustic method
(Diaferio & Geller 1997; Diaferio 1999; Serra et al.
2011). The technique locates two curves, the caustics, in
8 The exposure time for a single visit corresponds to 7.7 sec (3.4
and 4.6 µm) and 8.8 sec (12 and 22 µm).
9 http://wise2.ipac.caltech.edu/docs/release/allsky/expsup/sec6 5.html
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Figure 5. Comparison of SFRs from WISE 22µm flux density
(SFRWISE) with those from SDSS spectra (SFRSDSS) We plot only
galaxies with star-forming spectral type (SF, see §2.5.2). Large,
red circles are for member galaxies in the A2199 supercluster, and
small, black dots are for all the galaxies at z < 0.22 in the field of
A2199.
the cluster redshift diagram (Figure 3a) that shows the
line-of-sight velocities of galaxies as a function of distance
from the center of the supercluster.
The caustics measure the escape velocity from the sys-
tem of galaxies and provide a basis for measurement of
the mass of the system (Rines et al. 2002). The caustics
are also a useful tool for defining supercluster member-
ship. Samples identified with the caustic technique are
at least 95% complete. At most 10% of the galaxies pro-
jected within the caustics are interlopers. Most of these
are well within the caustics (i.e. they are not velocity
outliers) (Serra et al. 2010; 2012, in prep.).
We applied the technique to a sample of 11,478 spec-
troscopic redshifts in the field of the A2199 supercluster.
The technique identifies 1736 members within ∼ 10 h−1
Mpc of the supercluster center. Among these, 550 and
1155 galaxies are detected (> 3σ) at WISE 22 µm and
12 µm, respectively. The cluster center determined from
this technique is consistent with the X-ray center used in
this study (see Appendix A of Diaferio 1999 for more de-
tails). Table 1 summarizes the statistics for the number
of galaxies in our sample.
In Figure 3, we plot several physical parameters of the
member galaxies as a function of clustercentric radius
and morphology. Thanks to the deep spectroscopic sur-
vey in Rines & Geller (2008), many faint galaxies with
Mr > −17 at R < 30
′ are included as members (b). Few
luminous infrared galaxies (LIRGs, LIR > 10
11 L⊙) re-
side in this supercluster (c), consistent with expectation
(. 1 LIRGs in the supurcluster volume) from the field
IR luminosity density at this epoch (Goto et al. 2011a).
Figure 4 shows the spatial distribution of the mem-
ber galaxies segregated by their morphologies. The
galaxy number density map constructed using the mem-
ber galaxies with mr ≤ 17.77 mag and the X-ray inten-
sity contours from ROSAT All-Sky Survey are overlaid.
The galaxy density peaks match several known galaxy
groups with X-ray emission shown by blue dashed cir-
cles (Rines et al. 2001, 2002). The radius of the circle
indicates r200 of each group (approximately the virial ra-
dius). Within this radius, the mean overdensity is 200
times the critical density of the universe ρc. We compute
r200 from the formula given by Carlberg et al. (1997):
r200 =
31/2σcl
10H(z)
, (1)
where σcl is a velocity dispersion of the cluster from
Rines et al. (2002), and the Hubble parameter at z is
H2(z) = H20 [Ωm(1 + z)
3 + Ωk(1 + z)
2 + ΩΛ] (Peebles
1993). Ωm, Ωk, and ΩΛ are the dimensionless density
parameters. Because the observed velocity dispersions of
the groups in the infall region could be increased by the
supercluster dynamics (e.g., see Table 8 in Rines et al.
2002), the r200 of each group shown in Figure 4 should
be considered only as a rough estimate of the group size.
2.5. Comparison between WISE and SDSS data
2.5.1. Star Formation Rate
Because we have SFRWISE from the WISE 22 µm flux
density and SFRSDSS measured from the SDSS optical
spectra, the comparison between the two measurements
is an important sanity check for the new WISE data (see
also Donoso et al. 2012). Among 1736 member galaxies
in the A2199 supercluster, there are 1468 and 550 galax-
ies with SFRSDSS and SFRWISE, respectively.
The SFRSDSS is from the MPA/JHU DR7 VAGC
(Brinchmann et al. 2004), which provides extinction and
aperture corrected SFR estimates of star-forming galax-
ies as well as other types of galaxies (e.g., AGN, Com-
posite, low S/N SF, low S/N LINER, and unclassifi-
able). They correct the extinction following the dust
treatment of Charlot & Fall (2000), which compares the
observed line ratios with those expected from mod-
els with different dust attenuations. For those galax-
ies where they can not directly measure SFRs from
the emission lines such as AGN and composite galax-
ies, they use the 4000-A˚ break (D4000) to estimate
SFRs (see Brinchmann et al. 2004 and http://www.mpa-
garching.mpg.de/SDSS/DR7/sfrs.html for more details).
SFRWISE is converted from the TIR luminosity using
the relation in Kennicutt (1998) with the assumption of
a Salpeter IMF (Salpeter 1955): SFRWISE (M⊙ yr
−1)
= 1.72× 10−10LIR(L⊙).
We show the comparison between SFRSDSS and
SFRWISE in Figure 5 based only on the galaxies with
star-forming spectral type (see §2.5.2). The figure shows
that SFRWISE agrees well with SFRSDSS, demonstrating
consistency between the two measurements.
2.5.2. AGN Selection
We determined the spectral types of emission-
line galaxies using the criteria of Kewley et al.
(2006) based on the Baldwin-Phillips-Terlevich (BPT)
emission-line ratio diagrams (Baldwin et al. 1981;
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Figure 6. AGN diagnostic diagrams for the member galaxies in the A2199 supercluster based on (a) optical [OIII]/Hβ vs. [NII]/Hα
line ratios, (b-c) WISE colors. Different spectral types following the scheme of Kewley et al. (2006) are represented by different colored
symbols (Seyfert: red, LINER: pink, Composite: green, SF: blue, Ambiguous: black). The solid and dashed lines indicate the extreme
starburst (Kewley et al. 2001) and pure SF limits (Kauffmann et al. 2003), respectively. Open red circles in (b-c) are Type I AGNs, and
crosses in (b-c) are those whose spectral types are not determined because of lack of optical spectra. Solid lines in (b) and (c) are the
AGN selection criteria proposed by Jarrett et al. (2011) and Assef et al. (2010), respectively. Horizontal dashed lines in (b-c) are the AGN
selection criteria used in this study for galaxies in the A2199 supercluster.
Figure 7. (Left) Oxygen abundance and (Right) r-band surface brightness of WISE detected (> 3σ) galaxies (red) and undetected (< 3σ)
galaxies (blue) at 22 µm (Top) and 12 µm (Bottom). We only plot the member galaxies in the A2199 supercluster. Large purple circles
(with WISE detection) and green squares (without WISE detection) are median values of each physical parameter and of SFRSDSS at
each bin. The errorbars represent 68% (1σ) confidence intervals determined by the bootstrap resampling method.
Veilleux & Osterbrock 1987). For galaxies with signal-
to-noise ratio (S/N)≥3 in the strong emission-lines Hβ,
[OIII] λ5007, Hα, [NII] λ6584, and [SII]λλ6717,6731,
we determined the spectral types based on their posi-
tions in the line ratio diagrams with [OIII]/Hβ plotted
against [NII]/Hα, [SII]/Hα, and [OI]/Hα. These types
are star-forming galaxies, Seyferts, low-ionization nuclear
emission-line regions (LINERs), composite galaxies, and
ambiguous galaxies (see Kewley et al. 2006 for more de-
tails).
Composite galaxies host a mixture of star formation
and AGN, and lie between the extreme starburst line
(Kewley et al. 2001) and the pure star formation line
(Kauffmann et al. 2003) in the [OIII]/Hβ vs. [NII]/Hα
line ratio diagram (see Fig. 6a). Ambiguous galaxies are
those classified as one type in one or two diagrams, but
as another type in the other diagrams (see Kewley et al.
2006 for more details). We assign ‘undetermined’ type
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Figure 8. (Bottom) TIR (a) and 12 µm (b) LFs for galaxies in the central region of the rich cluster A2199 (i.e. R < r200,A2199 ≈ 40
′).
Squares are the LFs based on the galaxies brighter than the SDSS limit. Circles include all the galaxies fainter than the limit. Open symbols
are the raw LFs, and filled symbols are the ones after the corrections of photometric and spectroscopic incompleteness. The associated
errorbars indicate Poisson uncertainties. Vertical dashed lines indicate the luminosity limits at the redshift of A2199 corresponding to 3σ
flux limits (3.6 mJy and 0.6 mJy for 22 µm and 12 µm, respectively). (Top) Number of galaxies used for the construction of the LFs in
each bin for TIR (c) and 12 µm (d). Circles in the left panels are not shown because there are no 22 µm detections for galaxies fainter
than the SDSS limit.
to those that do not satisfy the S/N criteria.
These AGN criteria select only Type II AGNs with nar-
row emission lines, and miss Type I AGNs with broad
Balmer lines. To identify Type I AGNs missed in this
method, we included galaxies with a quasar spectral clas-
sifications provided by the SDSS pipeline (i.e. specClass
= SPEC QSO or SPEC HIZ QSO; see Stoughton et al. 2002
for more details). Among 1736 member galaxies, three
galaxies are Type I AGNs.
There could be still unidentified AGNs in our sam-
ple. There are some galaxies without an SDSS spec-
trum because their redshifts are from the literature. In
some galaxies, the AGN signature may be hidden by dust
(e.g., Lee et al. 2011). To identify additional AGNs, we
plot WISE color-color diagrams in Figure 6 (b-c). In-
terestingly, the main locus of optically-selected AGN-
host galaxies is not clearly distinguishable from the loci
of other non-AGN galaxies. If the dust is heated by
AGN, the [3.4]− [4.6] color should be red (see Assef et al.
2010). Therefore, we use the criterion [3.4]− [4.6] > 0.44
(Vega) to select AGNs at the redshift of A2199. Among
eight galaxies satisfying this criterion with known spec-
tral types, six are AGN-host galaxies. This criterion is
slightly bluer than the AGN selection criteria used in
Assef et al. (2010) and Jarrett et al. (2011), but is sim-
ilar to the one in Chung et al. (2011). In summary, we
classify AGN-host galaxies as objects with either a Type
I or Type II (Seyferts, LINERs and composites) AGN
optical spectrum, and we classify MIR AGNs from the
WISE color-color diagram.
2.5.3. Metallicity and surface brightness
To understand possible systematics in the samples of
WISE detected and undetected galaxies, we plot the
oxygen abundance [12+log(O/H)] and the central sur-
face brightness of the member galaxies in the A2199 su-
percluster as a function of SFR in Figure 7. Following
Rines & Geller (2008), we compute the central surface
brightness (in unit of mag arcsec−2) from the SDSS fiber
magnitudes using the equation of µ0r = mr,fiber + 2.123
assuming constant surface brightness within the fiber.
Because of increasing dust obscuration (also increas-
ing dust-to-gas ratio) with gas-phase metallicity (e.g.,
Heckman et al. 1998; Leroy et al. 2011; Magdis et al.
2011), WISE detected galaxies that have IR emis-
sion from dust should be more metal rich than unde-
tected galaxies. If we focus on a range 0.1 M⊙ yr
−1<
SFRSDSS <1 M⊙ yr
−1 where both WISE detected and
undetected galaxies exist, we can clearly see at both 22
and 12 µm that the oxygen abundance ofWISE detected
galaxies is always higher than that of undetected galax-
ies. Similarly, the right panels show that WISE detected
galaxies tend to have higher surface brightness than un-
detected galaxies at a fixed SFR. Because the metallicity
and the surface brightness are strongly coupled (Ryder
1995; Simon et al. 2006), it is difficult to conclude which
is a more fundamental parameter. In any case, we con-
clude that MIR-detected galaxies tend to be more metal
rich and to have higher surface brightness than those
without an MIR detection. If we use all the galaxies in
the redshift range of the A2199 supercluster regardless
of supercluster membership, the results do not change.
Thus these results are not biased by the supercluster en-
vironment.
3. LUMINOSITY FUNCTIONS
Here we compute the projected TIR and 12 µm LFs for
galaxies in the A2199 supercluster. Because the depth of
the spectroscopic survey is not the same in the central
region of A2199 and in the outer regions (see Fig. 3b),
we first start with the LFs in the central region to check
for bias introduced by the variation in the depth of the
spectroscopic survey as a function of clustercentric ra-
dius. We construct the LFs by first counting the number
of member galaxies. We then divide by the survey area
in physical size and by the bin size ∆(log L). Then we
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Figure 9. (Bottom) TIR (a) and 12 µm (b) LFs for galaxies in the entire supercluster region (i.e. R < 380′). Circles and crosses are for
AGN-host and non-AGN galaxies, respectively, and squares are for the total sample. Dotted and dashed lines are the best-fit Schechter
functions for AGN-host and non-AGN galaxies, respectively, and solid line is for the total sample. Vertical dashed lines indicate the
luminosity limits at the redshift of A2199 corresponding to 3σ flux limits (3.6 and 0.6 mJy for 22 and 12 µm, respectively). (Top) Number
of galaxies used for the construction of the LFs in each bin for TIR (c) and 12 µm (d).
Figure 10. Same as Fig. 9, but for early-type (ETGs, circles and dotted lines) and late-type galaxies (LTGs, crosses and dashed lines)
after rejecting AGN-host galaxies.
correct the counts for spectroscopic and photometric in-
completeness by weighting each galaxy with the inverse
of each completeness as a function of its WISE flux den-
sity (§2.2).
Figure 8 shows TIR and 12 µm LFs for galaxies in the
central cluster A2199 (i.e. R . r200,A2199 ≈ 40
′). Open
squares show the raw LFs without the completeness cor-
rection using the galaxies brighter than the SDSS limit.
The filled squares indicate the corrected LFs. As ex-
pected, the correction only affects the faint end of the
LFs.
To check the effect of the galaxies fainter than the
SDSS limit on the derived LFs, we recompute the LFs
again including these galaxies. We show the results in the
figure with circle symbols (open for raw LFs and filled for
corrected LFs). The two corrected LFs based on bright
(squares) and total (circles) samples agree well. The TIR
LF (left panel) based on the total sample is not shown
because there are no 22 µm detected galaxies fainter than
the SDSS limit in this central cluster A2199. The agree-
ment of two corrected LFs occurs mainly because the
spectroscopic completeness for the WISE sources in this
supercluster region is high even when we restrict our
analysis to galaxies brighter than the SDSS limit (see
Figure 2). This result suggests that the corrected LFs
based only on the bright sample are robust. Because the
entire region of the supercluster is covered uniformly by
the SDSS data, we restrict the following analysis to the
galaxies brighter than the SDSS limit for consistency.
3.1. LFs for subsamples
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Table 2
Faint-end Slopes of IR LFs in the A2199 supercluster
Samplea Totalb AGNs non-AGNs ETGs LTGs
TIR LFs
Entire region −2.14± 0.06 −1.64± 0.13 −2.36± 0.05 ... −2.23± 0.07
Inner region −2.29± 0.12 ... ... ... −2.06± 0.18
Outer region −2.41± 0.11 ... ... ... −2.31± 0.12
12 µm LFs
Entire region −1.35± 0.03 −0.77± 0.08 −1.44± 0.04 −1.48± 0.30 −1.27± 0.05
Inner region −1.66± 0.07 ... ... −2.06± 0.25 −1.38± 0.08
Outer region −1.34± 0.09 ... ... −1.47± 0.31 −1.28± 0.10
1 Inner region : R ≤ 98′ ≈ 2.6 h−1 Mpc, Outer region : R > 249′ ≈ 6.5 h−1 Mpc.
2 The faint-end slopes of LFs for the total samples in the inner and outer regions, and for
ETGs and LTGs are computed after rejecting AGN-host galaxies.
Figure 11. TIR LFs for galaxies after rejecting AGN-host galaxies in the inner (R ≤ 98′ ≈ 2.6 h−1 Mpc) region (a) and in the outer
(R > 249′ ≈ 6.5 h−1 Mpc) region (b). Circles and crosses are for early- and late-type galaxies, respectively, and squares are for the total
sample. To sense the change of the slope of the LFs if any, we match the scales of Y-axis of the two panels.
We next explore TIR and 12 µm LFs for galaxies in
the A2199 supercluster as a whole (Figure 9). We fit the
LFs with a classical Schechter (1976) function :
φ(L) =
dN(L)
dA dlog(L)
= φ⋆
(
L
L⋆
)1+α
exp
(
−
L
L⋆
)
. (2)
We fit the data above the 3σ flux limit (3.6 mJy and
0.6 mJy for 22 µm and 12 µm, respectively), shown as
a vertical dashed line in each panel. We use the MPFIT
package in IDL (Markwardt 2009, an implementation of
the Levenberg-Marquardt minimization), and compute
the uncertainty of the faint-end slope by repeating the
fitting procedure 1000 times for random perturbations
of the fitted data points within their errors (following a
normal distribution).
Because the bright end of the LFs is not well con-
strained due to the small number of IR bright galaxies in
this supercluster, we focus mainly on the faint-end slope
of the LFs. The faint-end slope of the TIR LF for the
total sample is α = −2.14± 0.06. The slope of the TIR
LF for AGN-host galaxies is α = −1.64± 0.13, shallower
than that for non-AGN galaxies (α = −2.36± 0.05), in-
dicating an increasing contribution of AGN-host galaxies
to the TIR LFs with increasing IR luminosity as seen in
previous studies (e.g., Goto et al. 2011a,b). Because the
slopes of the LFs do not seem to change with TIR lumi-
nosity, we also fit the LFs with a power-law function (see
also Biviano et al. 2011 for the case of the A1763 super-
cluster). We obtain similar values of α = −2.19 ± 0.03,
−1.76±0.05, and −2.35±0.04 for the total sample, AGN-
host and non-AGN galaxies, respectively.
The faint-end slope for non-AGN galaxies (i.e. SF
galaxies) is steeper than the slope based on IRAS pho-
tometry (α = −0.6) for the IRAS revised bright galaxy
sample (RBGS; Sanders et al. 2003) and the slope (α ≈
−1.41) found for cluster galaxies (Bai et al. 2006, 2009;
Haines et al. 2011). The steeper slopes probably result
partly from the very high spectroscopic completeness in
this study. However, it is only slightly steeper than the
slope based on recent AKARI photometry for RBGS
(α = −1.9 ± 0.1 and −1.8 ± 0.1 for SF galaxies and
for the total sample, respectively; Goto et al. 2011b)
and the slope for the AKARI-detected SDSS galaxies
(α = −1.8±0.1 and −1.99±0.09 for SF galaxies and total
sample, respectively; Goto et al. 2011a). In addition, it
is broadly consistent with the faint-end slopes based on
all the galaxies in the A1763 supercluster (Biviano et al.
2011).
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Figure 12. Same as Figure 11, but for 12 µm LFs.
In Figure 9b, the AGN contribution again increases
with 12 µm luminosity (Spinoglio & Malkan 1989). The
faint-end slope is α = −1.35 ± 0.03 and −1.44 ± 0.04
for the total sample and for the non-AGN galaxies, re-
spectively. These slopes are consistent with those based
on IRAS galaxy samples (Fang et al. 1998) and those
based on the local sample of Spitzer-detected galaxies
(Pe´rez-Gonza´lez et al. 2005).
When we decompose the LFs based on galaxy mor-
phology by rejecting AGN-host galaxies (see Figure 10),
the contribution of early-type galaxies to the TIR LFs is
very small as expected (left panels). The faint-end slope
for late-type galaxies in TIR LFs is α = −2.23 ± 0.07,
again consistent with the slope from the power-law func-
tion (α = −2.28 ± 0.04). For the 12 µm LFs, the faint-
end slopes are α = −1.48 ± 0.30 and = −1.27 ± 0.05
for early- and late-type galaxies, respectively, suggest-
ing that the contribution of early-type galaxies increases
with decreasing luminosity (see the right panel of Fig.
10 and §4.2). We list the faint-end slopes for several
subsamples in Table 2.
3.2. Environmental dependence of LFs
3.2.1. TIR LFs : No Environmental Dependence
To study the environmental dependence of the LFs, we
divide the galaxies into three radial ranges R ≤ 98′ ≈ 2.6
h−1 Mpc, 98′ < R ≤ 249′, and R > 249′ ≈ 6.5 h−1
Mpc so that each range contains a similar number of
galaxies. Then we plot TIR LFs for galaxies only in the
inner and outer regions (to emphasize the difference if
any) in Figure 11. We reject AGN-host galaxies in each
sample. The faint-end slope changes from α = −2.29 ±
0.12 (inner region) to α = −2.41 ± 0.11 (outer region)
for the total sample, and α = −2.06±0.18 (inner region)
to α = −2.31± 0.12 (outer region) for late-type galaxies.
These results indicate no difference in the faint-end slope.
The faint-end slopes of the LFs in the intermediate region
is similar.
Consistent with previous studies (Bai et al. 2009;
Finn et al. 2010; Haines et al. 2011), our results show
that the cluster and field IR LFs do not differ signif-
icantly. Biviano et al. (2011) also found similar slopes
for three different regions in the A1763 supercluster (i.e.
the cluster core, the large-scale filament, and the cluster
outskirts). However, they also reported that the filament
apparently has a flatter LF than both the outskirts and
the core (note that their LFs are complete only down
to LIR = 2.5 × 10
10 L⊙). Interestingly, in the Coma
cluster, Bai et al. (2006) suggested a hint of a steeper
slope toward the outer region of the cluster. Considering
the large uncertainty in the determination of the faint-
end slope (strongly affected by the spectroscopic and
photometric incompleteness), a detailed analysis with a
more comprehensive data set of cluster galaxies including
Coma is necessary to draw a strong conclusion.
Comparison of our LFs with other LFs based on
different SF tracers is also interesting. For example,
Cortese et al. (2005, 2008) found a steeper faint-end
slope and a brighter L⋆ in GALEX UV LFs for nearby
clusters including Virgo, Coma and A1367 (also for Shap-
ley supercluster in Haines et al. 2011) than for the field
UV LFs. They argued that the steep faint-end slope
observed in clusters results from a significant contribu-
tion of non-SF galaxies at faint UV magnitudes. If they
only consider SF galaxies, the cluster faint-end slope is
consistent with the field. Intriguingly, the comparison
of Hα LFs between cluster (Coma, A1367 and Virgo)
and field galaxies suggests a shallower faint-end slope
in clusters than in the field (e.g., Iglesias-Pa´ramo et al.
2002; Shioya et al. 2008; Westra et al. 2010). However,
the comparison between the two at high-z (z ∼ 0.8) sug-
gests similar slopes (Koyama et al. 2010).
3.2.2. 12 µm LFs : Strong Environmental Dependence
Unlike the case of TIR LFs, the change of faint-end
slopes in 12 µm LFs with the clustercentric radius in
the A2199 supercluster appears significant (see Figure
12): we find α = −1.66 ± 0.07 (inner region) and
α = −1.34 ± 0.09 (outer region) for the total sample
after rejecting AGN-host galaxies. This change could
result from a different morphological mix and/or an in-
trinsically different slope of the LF with clustercentric
radius. Thus we plot the LFs for early and late types
separately in the figure.
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Figure 13. (Left) MIR color-luminosity diagram for late-type galaxies with SF spectral type (a) and with non-SF spectral type (b), and for
early-type galaxies (c) in the A2199 supercluster. Different symbols indicate different optical spectral types. Green solid lines are the linear
fit to late-type galaxies with star formation. Dotted lines indicate model predictions calculated from the AGB model SSPs (Piovan et al.
2003), assuming a metallicity sequence at three different stellar ages (1, 5, and 12 Gyr), respectively. The horizontal dashed line represents
the model SSP without AGB dust. (d) Histograms of MIR colors for late-type, AGN-host (Seyferts, LINERs, and composites) galaxies (red),
SF galaxies [hatched one with orientation of 315◦ (\\ with blue colors)], quiescent (undetermined) galaxies [hatched one with orientation
of 45◦ (// with black colors))], and total sample (open one with black colors). (e) Same as (d), but for early-type galaxies.
The most striking feature in Figure 12 is that the con-
tribution of early types to the faint-end LF is compa-
rable to that of late types in the inner region (a). The
faint-end slope of the LFs for early-type galaxies changes
from α = −2.06±0.25 (inner region) to α = −1.47±0.31
(outer region), and from α = −1.38± 0.08 (inner region)
to α = −1.28± 0.10 (outer region) for late-type galaxies.
These results suggest that the slope of 12 µm LFs
changes with the clustercentric radius only for early-type
galaxies, and therefore the change of faint-end slope for
the total sample results primarily from the different mor-
phological mix depending on the clustercentric radius
(i.e. the increasing contribution of early-type galaxies
to the faint end of 12 µm LFs toward the cluster center).
If we divide the galaxies based on local density instead
of clustercentric radius, the results for both TIR and 12
µm LFs do not change.
4. DISCUSSION
4.1. MIR Star-Forming Sequence in the MIR
color-luminosity diagram
12µm LFs are very interesting because a variety of
mechanisms in galaxies contribute to the SED at this
wavelength (Draine & Li 2007) : SF driven dust con-
tinuum and PAH emission features (Smith et al. 2007;
Rieke et al. 2009), hot dust component heated by AGN
(Netzer et al. 2007; Mullaney et al. 2011), and dusty cir-
cumstellar envelopes of asymptotic giant branch (AGB)
stars (Bressan et al. 1998; Piovan et al. 2003; see also
Kelson & Holden 2010).
To investigate the galaxy population responsible for
the change of faint-end slopes in the 12 µm LFs with
environment, we plot a MIR color-luminosity diagram
for the supercluster member galaxies in Figure 13. MIR
colors such as WISE [3.4]− [22], [4.6]− [12], or AKARI
[3]− [11] are useful indicators of the specific SFR and of
the presence of intermediate age stellar populations (e.g.,
Ko et al. 2009, 2012; Shim et al. 2011; Donoso et al.
2012). Figure 13a (top panel) clearly shows that there is
a ‘MIR star-forming sequence’ of late-type, SF galaxies ;
there is a very good correlation between [3.4]− [12] and
12 µm luminosity. The sequence here does not extend to
LIRGs because they are absent in this A2199 superclus-
ter. The linear fit to the data gives a relation with an
rms σ[3.4]−[12] = 0.30,
[3.4]−[12] = log(νLν(12µm))×(0.64±0.03)−(4.33±0.21).
(3)
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Figure 14. (a) [3.4]− [12] (AB), (c) the fraction of weak MIR-
excess galaxies (i.e. [3.4] − [12] < −0.7), and (d) the early-type
fraction (fE) for galaxies in the A2199 supercluster with Mr ≤
−17 as a function of clustercentric radius. (b) Histograms of MIR
colors for early-type [hatched one with orientation of 45◦ (// with
red colors)] and late-type galaxies [hatched one with orientation
of 315◦ (\\ with blue colors)], and total sample (open one with
black colors). Red circles and blue crosses in (a,c) are for early-
and late-type galaxies, respectively, and black squares are for the
total sample. Error bars indicate Poisson uncertainties.
The luminosities at 12 µm and at 3.4 µm show strong
correlations with SFRs and stellar masses, respectively
(Donoso et al. 2012; Li et al. 2007). The SFR is also cor-
related with stellar mass (Noeske et al. 2007; Elbaz et al.
2007). Thus the MIR color, [3.4]− [12], can be written as
a function of SFR (or stellar mass). Therefore, the color
[3.4]− [12] increases with 12 µm luminosity as a result of
the underlying correlations.
In Figure 13b, the distribution of most AGN-host
galaxies are distinct from the locus of SF galaxies. Their
colors are slightly bluer than the SF sequence and their
12 µm luminosities are relatively high (i.e. νLν(12
µm)& 3 × 108 h−270 L⊙). There are some galaxies with
‘undetermined’ spectral types in the faint end of the SF
sequence (i.e. νLν(12 µm). 3 × 10
8 h−270 L⊙). They
are probably dusty star-forming galaxies without emis-
sion lines in their optical spectra because of strong dust
extinction.
4.2. Environmental dependence of the 12 µm LF :
Early-type galaxies with MIR emission
In Figure 13c, the early-type galaxies also show a
‘MIR star-forming sequence’ consisting of SF galaxies,
known as star-forming (or blue), early-type galaxies (e.g.,
Fukugita et al. 2004; Lee et al. 2006, 2010). We check
their optical color images and their positions in the opti-
cal color-magnitude diagrams. This inspection confirms
that they are indeed morphologically early-type galax-
ies with blue colors. However, most early-type galaxies
form a ‘MIR blue cloud’ in the low luminosity regime
(i.e. νLν(12 µm). 5 × 10
8 h−270 L⊙); this cloud is
mainly responsible for the faint-end slope of 12 µm LFs.
Most of the spectral types for these galaxies are ‘un-
determined’ because there are no emission lines in the
optical spectra, and they show a wide spread in MIR
colors at [3.4] − [12] < −0.7. Their SEDs are consis-
tent with passively evolving, old stellar populations with
weak MIR emission (weak MIR-excess galaxies) resulting
from the circumstellar dust envelopes around AGB stars
(Ko et al. 2009, 2012; see Fig. 4 in Shim et al. 2011).
These galaxies usually form a tight red sequence in the
optical color-magnitude diagram, indicating a homoge-
neous population, but they show a wide spread in MIR
colors depending on their stellar age. In panel (c), we
overplot the predictions from Single Stellar Population
(SSP) models with different ages, which include the MIR
emission from the AGB dust (Piovan et al. 2003). Model
predictions with mean stellar ages greater than ∼ 5 Gyr
are consistent with the colors of these weak MIR-excess
galaxies.
To check the radial distribution of these early-type
galaxies, we plot [3.4] − [12] colors and the fraction of
these weak MIR-excess galaxies among 12 µm emitters
as a function of clustercentric radius in Figure 14. Pan-
els (a-b) show a clear [3.4] − [12] color segregation de-
pending on galaxy morphology at all the clustercentric
radii. There is a concentration of early-type galaxies with
weak MIR emission in the inner region of the cluster
(R . 100′ ≈ 2.5 h−1 Mpc ≈ 2.5r200,A2199). Panel (c)
shows that the fraction of these weakMIR-excess galaxies
among 12 µm emitters starts to increase with decreasing
clustercentric radius at ∼ 100′ both for early types and
for the total sample (see also Haines et al. 2006 based
on the optical spectral analysis). This trend is similar
to the radial variation of the early-type fraction shown
in panel (d). These results suggest that the weak MIR-
excess galaxies (mostly early types) that are within the
virial radius of A2199 as well as at the infall region (i.e.
R ≈ 1− 3r200,A2199), are responsible for the steep faint-
end slope of 12 µm LFs in the inner region.
Cluster, early-type galaxies with MIR emission were
found in other studies (e.g., Ko et al. 2009; Shim et al.
2011; Clemens et al. 2011). For example, Bressan et al.
(2006) observed 17 Virgo early-type galaxies with the
Spitzer Infrared Spectrograph, and suggested that 76%
of their sample are passively evolving galaxies with a
broad silicate feature, consistent with the emission from
dusty circumstellar envelopes of mass-losing, evolved
stars. In the Coma cluster, Clemens et al. (2009)
found that the majority (68%) of the early-type galaxies
have MIR and optical colors consistent with SSP mod-
els with dusty AGB envelopes. Of course, there are
also early-type galaxies with MIR emission in the field
(Kaneda et al. 2008; Panuzzo et al. 2011). These stud-
ies provide a hint that the fraction of weak MIR-excess
galaxies is lower in the field than in cluster regions (Fig-
ure 13b), but an extensive comparison with a larger sam-
ple is important.
Interestingly, the fraction of weak MIR-excess galaxies
for late types in panel (c) of Figure 14, increases only
in the very inner region of the cluster (R . 20′ ≈ 0.5
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h−1 Mpc ≈ 0.5r200,A2199). These late-type, weak MIR-
excess galaxies are similar to “passive spirals” that are
also observed in other clusters at intermediate redshifts.
These galaxies may be progenitors of S0 galaxies (e.g.,
Couch et al. 1998; Moran et al. 2007). The existence of
these late-type, weak MIR-excess galaxies in the cen-
tral cluster region means that their SFA is suppressed,
but their morphologies remain late types. This result
indicates an important role for hydrodynamic processes
(that are not effective in changing galaxy structure) in-
cluding ram pressure (Gunn & Gott 1972), strangulation
(Larson et al. 1980), and galaxy-galaxy hydrodynamic
interactions (Park & Hwang 2009) in the quenching of
SFA in these central regions of clusters. On the other
hand, the physical processes related to the quenching
of SFA and the morphological transformation of cluster
galaxies may work over different timescales (i.e. there
may be faster changes in SFA than the morphological
transformation) (e.g., Poggianti et al. 1999; Moran et al.
2007; Sa´nchez-Bla´zquez et al. 2009).
5. CONCLUSIONS
Using the homogeneous data set of WISE and SDSS
that cover the entire supercluster region, we examine the
MIR properties of supercluster galaxies. Our primary
results are
1. The MIR colors ([3.4] − [12]) of late-type, star-
forming galaxies correlate strongly with 12 µm lu-
minosity. These galaxies trace out a star-forming
sequence in the MIR color-luminosity diagram.
2. MIR-detected (i.e. WISE 22 µm or 12 µm) galax-
ies tend to be more metal rich and to have higher
surface brightness than non-MIR detections at a
fixed SFR.
Using these MIR-detected galaxies at 22 µm or 12 µm,
we investigate the IR LFs and their environmental de-
pendence in the supercluster. The main results are
1. The TIR LFs are dominated by late-type, star-
forming galaxies. The contribution of AGN hosts
increases with increasing IR luminosity. Similarly,
late-type, non-AGN galaxies dominate 12µm LFs;
the contribution of early-type galaxies increases
with decreasing 12 µm luminosity.
2. The faint-end slope of TIR LFs does not change
with environment. However, the faint-end slope in
the 12 µm LFs varies with the environment. The
faint-end slope in the dense inner cluster region is
steeper than that in the less dense outer region.
This behavior results primarily from the increas-
ing contribution of early-type galaxies to the faint
end of 12 µm LFs with decreasing clustercentric
radius. These early-type galaxies contain passively
evolving, old stellar populations with weak MIR
emission from AGB dust.
The combination of the wide-field survey data set of
WISE and spectroscopic surveys covering the entire re-
gion of the A2199 supercluster provides a unique oppor-
tunity to study the MIR properties of supercluster galax-
ies and their environmental dependence. A detailed view
of SF and nuclear activity for these supercluster galax-
ies will be studied in a forthcoming paper (Lee et al. in
prep.). The combination of WISE all-sky survey data
and the Hectospec Cluster Survey data (Rines et al. in
prep.) will provide data for extending this study to other
cluster systems.
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